research. It is unclear. It has variously been read as supporting larger classes, supporting smaller classes, and supporting nothing but the need for better research. Review after review of the topic has dissolved into cynical despair or epistemological confusion. The notion is wide-spread among educators and researchers that class size bears no relationship to achievement. It is a dead issue in the minds of most instructional researchers. To return to the class-size literature in search of defensible interpretations and conclusions strikes many as fruitless. The endeavor is surrounded by a faint aroma of Chippendale, which it resembles in other respects: unwieldy and antique.
One could document the confusion in previous reviews of research on the class- size and achievement relationship. It would be simple to quote Reviewer X claiming that large classes are better, Reviewer Y to the effect that small classes are better, and Reviewer Z that neither is better. But to do so would only embarrass others and add nothing to one's appreciation of the complexity of the research. The problems with previous reviews of the class-size literature are several: (1) literature searches were haphazard and often overly selective; dissertations were avoided, as a rule, and few reviewers sought out large archives of pertinent data;
(2) reviews were typically narrative and discursive; the multiplicity of findings cannot be absorbed without quantitative methods of reviewing; (3) reviewers that attempted quantitative integration of findings made several mistakes: They used crude classifications of class sizes; they took "statistical significance" of differences far too seriously; and they lacked sufficiently sophisticated techniques of integrating results.
In the research reported here, an attempt was made to correct these shortcomings and determine if the huge research literature on class size and achievement really was hopelessly confusing or if its message was merely buried in myriad results waiting to be coaxed out with more advanced methods of research integration.
THE LITERATURE SEARCH
The search for class-size studies was carried out in three places: (1) document retrieval and abstracting resources; (2) previous reviews of the class-size literature;
and (3) the bibliographies of studies once 2 found. The ERIC system and Dissertation Abstracts were searched completely on the key words "size," "class size," and "tutoring." The dissertation literature was covered as far back as 1900, and the fugitive educational research literature was covered from the mid-1960s to 1978. Of the many hundreds of doctoral dissertations scanned in Dissertation Abstracts, about 30 microfilm copies were purchased.
About a dozen of these dissertations were incorporated; the remainder dealt with nonachievement and process variables that will be covered in subsequent work. The journal literature on class size was located in the traditional way; one or two current reviews of the research were found-the Ryan and Greenfield (1975) review was particularly comprehensive and helpful-the articles cited were located, and the articles cited in these articles were located in turn.
Approximately 300 documents were obtained and read, and it was found that 150 of them contained no usable data, i.e., no data whatsoever were reported on the comparison of small and large-class It is difficult to estimate what portion of the existing literature was captured by this search. Even though the corpus of 80 studies exceeds by 50% the most extensive reviews published to date-and these reviews are narrative and inconclusive-it is conceivable that less than half of all studies that exist on the topic were found.
Some studies (credited to school districts) could not be located even after several phone calls and letters. Other studies were surely missed because of odd or nondescript titles. The dissertation search was conducted on key words such as "size," "class size," and "tutoring" but the words must appear in titles to be registered in the index to Dissertation Abstracts. (Fortunately, the ERIC system uses key words based on the contents of a paper and not titles alone.) Several studies found in the journal literature by branching off existing bibliographies had neither "size" nor "class size" in the title, evidence enough that several dissertations were missed because their titles lacked the key words.
Still another complication concerns the use of class size as an incidental variable in studies focused on other issues. There are probably many such studies, and only a few of the most visible ones were located.
THE TEXTURE OF THE

LITERATURE
In what follows in this integrative analysis, one can easily lose touch with precisely what kinds of research are being integrated. The statistics and graphs that represent the findings of this meta-analysis of class-size research will seem far removed from the original studies themselves. And, in a very real sense, what will be done for the sake of arriving at general conclusions places the reader in benign jeopardy of losing qualitative and personal familiarity with the research. In this section, the general texture of the class-size literature will be described, and a few studies typical of various eras will be reported.
The research on class size and its relationship to achievement falls into four stages: the pre-experimental era (1895-1920); the primitive experimental era ; the large-group technology era ; and the individualization era (1970-present) . The boundaries of the eras are not impenetrable, and even today an atavistic throwback to the nineteenth century will appear in a doctoral thesis. At each new stage, the sophistication of research methodology increased, and the question of class size and its effect on achievement was examined with different motives. One discerns in the narration accompanying the numbers the cult of efficiency of the early part of this century, the rising birth rate of the post-war 1940s, the advent of teaching technology in the 1960s, and most recently the teacher labor movement combined with declining enrollments. What was said about the data changed as new interpretations served emerging purposes, even when the data changed little themselves. The first empirical study on educational processes and their effects on achievement included an examination of the class-size question (Rice, 1902 Beginning in the early 1920s, the classsize and achievement question was approached with better methods. Studies began to appear that used matching of pupils in large and small classes on ability and achievement; content and methods were standardized in the two classes; occasionally the same teachers taught classes of both sizes. Tope, Groom and Beeson (1924) studied the relationship between class size and achievement in grammar and English at the high-school level in Grand Junction, Colorado. In the Fall of 1922, three English classes of 44, 34, and 20 pupils were formed. Their Terman Group Test IQs were nearly identical at the first, second, and third quartiles. "After thoroughly establishing our classes, our method of conducting the experiment was merely to proceed with the year's work in the usual way, except that we found it necessary to depend rather more than usual on test grades, because the number of pupils in the large class made it impossible for each pupil to make many daily recitations each period" (Tope et al., 1924, p. 127 In 1959, Nelson reported on a study of large-group college instruction. Four instructors were involved, each teaching one large and one small section of elementary economics. The pupils in each instructor's classes were matched on major (e.g., business, engineering), level (freshman, sophomore), and sex. The course was taught 3 hours a week for a semester. The classsizes compared were 20 vs. 138, 16 vs. 141, 20 vs. 94, 20 vs. 90, 17 vs. 109, 17 vs. 94, 19 vs. 85 . A common final examination was administered to all 14 classes. Achievement outcomes were adjusted by covarying on students' prior grade-point average.
The means favored the larger classes by three one-thousandths standard deviation! The Coleman study is famous. Tens of thousands of pupils in grades 1, 3, 6, 9, and 12 were surveyed. Achievement tests were administered and "school resources" were measured at the level of the school, e.g., teachers' experience, use of special programs. Among these resource variables was pupil/instructor ratio. The P/I ratio was correlated with pupil achievement.
The correlations were generally negative.
When Mayeske (undated) partialed out three or four other variables which might have obliterated these correlations, the r's remained consistently negative.
The research relevant to class size that appeared in the 1970s showed a concern for establishing the benefits of individualization. Experiments were performed that involved radically reduced instructional group sizes, one teacher with two or three pupils. Studies of individual pupils taught by computer or machine have also become common; they were not considered in this integrative analysis since the particular concern here is with the processes of human instruction. (For a meta-analysis of tutoring and computer-assisted instruction in mathematics that produced surprising findings, see Hartley, 1977 .) An experiment typical of studies of radically reduced group size was conducted by Bausell, Moody, and Walze (1972) . Pupils in grades 4 and 5 were randomly assigned to receive either individual tutoring on exponential arithmetic for 1 hour across 2 days or instruction by randomly comparable teachers for the same amount of time in a class of 25 pupils. Instruction was a part of an on-going school program. A test designed to cover only the content of the instruction was administered to all pupils.
Pupils in "class-size 1" scored approximately one-half standard deviation above pupils in classes of 25 on the achievement tests.
METHODS
In this section, the methods are described by which the studies were coded and the quantitative findings integrated.
DEFINING THE FIELD
The problem of this meta-analysis is to determine what the available research proves about the relationship of class size to achievement. Drawing boundaries around this topic was simple compared to the difficultues encountered in defining psychotherapy, for example (Smith & Glass, 1977) . Conventional definitions of "achievement" seem scarcely to have changed over 80 years; and "class size" is relatively easily described and quantified.
CODING CHARACTERISTICS OF STUDIES
The quantification of characteristics of studies permits the eventual statistical description of how properties of studies affect the principal findings. Such questions can be addressed as "How does the class size and achievement relationship vary as a function of age of pupils?" or "How does it vary between reading and math instruction?" The first step in coding studies is to identify those properties of studies that might interact with the relationship between class size and achievement. There is no systematic and logical procedure for taking this step. One simply reads a few studies from the literature of interest, talks with experts, and then makes a best guess; modifications can always be made later if needed. The best guesses as to which conditions might mediate the relationship fell into five broad categories: Study Identification, Instruction, Classroom Demographics, Study Conditions, and Outcome Variable. About 25 specific items fell into these categories. Some were more fruitful than others; several items were seldom reported in the research publications. A coding sheet was devised onto which the information about each study could be transcribed. A single study might fill several coding sheets, depending on how many different class sizes were compared in pairs, how many different achievement tests were reported, whether data were reported separately for different ages of IQs, and so forth.
The major items of the coding sheet are reported below: IDENTIFICATION: 1) Year. This item was included to check on whether there is a time trend in the class size and achievement relationship. 11) Assignment of Pupils and Teachers to Groups. The assignment of pupils and teachers to classes of different sizes was described as either "random," "matched," "repeated measures," or "uncontrolled." These variables were important in describing the degree of experimental control exercised in the study. "Random" is obvious; "matched" refers to attempts to equate small and large classes by other than random means on pretests of achievement or ability; "repeated measures" refers to using either the same pupils or teacher in both small and large classes, e.g., 10 pupils might be taught alone and then in a group of 40 and their achievement compared;
"uncontrolled" should be obvious. Xs is the estimated mean achievement of the smaller class which contains S pupils;
XL is the estimated mean achievement of the larger class which contains L pupils; and a is the estimated within-class standard deviation, assumed to be homogeneous across the two classes. As a first approximation to studying the class-size and achievement relationship, it is considered irrelevant that the particular types of achievement that lie behind the variable X are quite different knowledges and skills measured in quite different ways.
If distributional assumptions about X are needed to add meaning to particular values of AS-L, normality will be assumed.
For example, suppose AS-L = +1. Then assuming normal distributions within classes, the average pupil in the smaller class scores at the 84th percentile of the larger class. These interpretations are occasionally helpful, but seldom critical, and our investment in the normality assumption is not great. It would be no surprise nor any concern if the assumption proved to be more or less wrong, and it's probably not far off in most instances.
CALCULATING AS-L Reports of research frequently omit such basic descriptive measures as means and standard deviations. This omission frequently complicates the calculation of AS-L, but seldom obviates it. Transformations of commonly reported statistics (t, F, etc.) into A's can be derived (Glass, 1978) . A special problem in calculation of AS-L concerns studies in which class size is correlated with achievement across many classrooms (e.g., Coleman, 1966) . In these instances, AS-L was calculated as follows.
The distribution of class-sizes was determined by assuming normality and noting the mean and standard deviation. The regression coefficient was calculated for the regression of achievement (assumed to be calculated on a unit-normal scale) onto class-size via fl = rA,cs/Gcs. Then the class sizes at the 25th and 75th percentiles, assuming normality, were determined. These became the "smaller" and "larger" classes.
Finally, the achievement in these classes was determined via the formula P(X -X) where X is "class size." The value of AS-L is then readily calculated. Some studies involved only a dichotomous achievement measure (e.g., "promoted (to the next grade) vs. not promoted"). Proportions thus derived were transformed into metric information and then into values of AS-L by means of the probit transformation (see Glass, 1978) .
DESCRIBING THE CLASS-SIZE AND ACHIEVEMENT
RELATIONSHIP
There exist several alternative statistical techniques for integrating a large set of As-L's so as to describe the aggregated findings on the class-size and achievement relationship. A large, square matrix could be problem when many readers of the findings will consider it punishment enough to be forced to interpret a simple achieve- several comparisons arise from a single study when more than two class sizes are compared, and there is no sensible way to reduce each study to one observation.
Even if a study involves comparing only two class sizes, there might have been comparisons of reading and math achievement. It makes far less sense to average these than to let each separately entered in the data base. The data bases of most meta-analyses are complex nested and multilevel arrangements. The methods of analyzing them fully await a full explication; methodological work on these problems has been launched in promising directions (Burstein, 1978) . Secondly, randomization is absent from the data set in any form that would make probabilistic models based on it applicable. To the extent that one might care to infer to populations of pupils, the sample size is so large that significance tests would be an empty pro form ritual. To the extent one might wish to infer to populations of studies, it must be recognized that the studies included have in no way been sampled from any conceivable population. Error and instability of various odd sorts exist in the data set; how they should be dealt with is not at all apparent. The total body of evidence can be described partly in quantitative terms through use of frequency distributions of characteristics of the studies. These tabulations will be presented in terms of A's rather than studies. The descriptive data do not only communicate an understanding of the evidence upon which the conclusions rest; they point to the relatively over-studied and under-studied aspects of the topic and can help guide future research on class size and achievement.
In Table 1 appears the frequency distribution of A's by year in which the study appeared. It is clear from Table 1 that class-size research was an active early topic in educational research, was largely abandoned for 30 years after 1930, and has been resurrected in the last 15 years.
In Table 2 appear data on the publication source from which the comparisons were drawn. Although published journal 1910-1919 184 25.4 28.4 1920-1929 138 19.0 47.4 1930-1939 47 6.5 53.9 1940-1949 1 0.0 53.9 1950-1959 62 8.6 62.5 1960-1969 150 20.8 83.3 1970-1979 Unpublished 77 10.6 725 100.0 articles are the major source of data, about 20% of the data were found in theses and unpublished reports-both of which have not been well covered in previous reviews.
In Table 3 appear the frequencies of comparisons categorized by the school subject taught in the study. Nearly half of the comparison came from studies in which elementary school pupils were taught all subjects in classes of varying sizes. There is surprisingly little work on reading alone; however, the 342 "all subjects combined" comparisons typically include reading as an important element.
In Table 4 are reported the numbers of hours of instruction given in the classes being compared. The range is enormous, from a single hour for a very small scale tutoring study, to 9,000 hours, representing 5 years of elementary school instruction.
The "hours of instruction" distribution shows three modes: 50, 180, and 900 hours. These times correspond to a 3 credit-hour semester-long course, a 5 credit-hour yearlong course, and a year of teaching 5 hours per day. The literature does not lack studies conducted over significant intervals of time. The average duration is 536 hours with a standard deviation of 1,033 hours and a skewness of 5.58.
In Table 5 appears the distribution of comparisons for various ages of pupils. justments. In Table 6 , the comparisons are tabulated by the type of assignment of pupils to the different size classes. The type of assignment labeled "repeated measures" refers to the use of the same group of pupils in both a small and a large class and the comparison of their achievement in the two classes. Each of the first three types of assignment represents reasonably good attempts at eliminating gross inadequacies in design; these three conditions account for slightly more than half of all the comparisons. Even though half of the comparisons involved comparing naturally constituted and nonequivalent large and small classes, some of them were based on ex post facto statistical adjustments for preexisting differences. So the data are not half worthless; indeed whether the experimental inadequacies are important mediators of findings is an empirical fact-rather than an a priori judgment-which will be examined in detail later in this report.
Many studies attempted to control for the initial nonequivalence of small and large classes by correcting the achievement dependent variable, either by calculating simple gain-scores or by covariance adjusting means. We hasten to point out that an uncorrected dependent variable does not necessarily indicate a comparison of poor quality. Corrections might be quite irrelevant in a study that matched or randomly assigned pupils to classes.
Finally, the comparisons can be described by whether achievement was measured with a "standardized test" (i.e., a published test for a national market) or an ad hoc instrument designed specifically to measure achievement in the immediate context of the instruction given (see Table   7 ).
In Table 8 On the average, the 725 As-L's were positive, i.e., over all comparisons available-regardless of the class sizes compared-the results favored the smaller class by about a tenth of a standard deviation in achievement. This finding is not too interesting, however, since it disregards the sizes of the classes being compared.
One interesting feature of the A's is that only 60% of them are positive, i.e., favor the smaller class in achievement. This is so, even though every effort was made in compiling the data base to include studies spanning the full range of class sizes from individual tutorials to huge lectures. One suspects that the odds of observing a positive AS-L in the typical class-size range so often studied (e.g., 15 to 40) are even smaller, perhaps as low as 55% to 45%.
In these rough estimates, one of the fundamental problems is revealed that has made the class-size literature so difficult for reviewers. If the relationship one seeks has only 55 to 45 odds of appearing and one looks for it without all the tools of statistical analyses that can be mustered, the chances of finding it are small. One need not wonder why narrative reviews of a dozen or two studies produced little but confusion.
To make sense of the class size and achievement relationship, one must account for the magnitude of the A's and their variance in terms of the actual sizes of the smaller and larger classes. These are the purposes of the regression analyses. In the remainder of this section, such regression analyses are reported for the entire Based on the entire data set, the following These data show that the difference in achievement between class-size 1, i.e., individual instruction, and class-size 40 is more than one-half standard deviation. is from above the 70th percentile to just below the 50th. There is nearly a 10 percentile rank difference between instructional groups of sizes 10 and 20 pupils.
REGRESSION ANALYSES FOR SUBSECTIONS OF THE DATA
Regression analyses were performed for many smaller portions of the entire data set in an attempt to determine which characteristics of the studies might mediate the size of the class size and achievement relationship. More than a dozen factors were employed in splitting the data base: year of study, subject taught, age of pupils, IQ, type of test, etc. Few of these characteristics were systematically related to the strength of the class size and achievement correlation. Among those factors of discrimination that produced virtually identical regression lines were "source of data," "subject taught," duration of instruction," "pupil IQ," and "type of grades. This interaction is also seen in Figure 3 where the consistent two-dimensional curves are drawn. The ordinate scale in Figure 3 is percentile ranks.
Well-Controlled vs. Poorly-Controlled Studies. The comparisons were distinguished on the basis of degree of experimental control exercised in the study. Although many features of experimental control could have been noted and analyzed, the method of assignment of pupils to classes of different sizes proved to be the most important. Over 100 A's came from studies in which pupils were assigned at random to larger and smaller classes; over 300 comparisons were "uncontrolled," i.e., naturally constituted The curves in Figure 4 show large differences in the class-size and achievement relationship depending on whether pupil assignment was random or uncontrolled.
This finding contrasts sharply with similar analyses of the association between experimental design quality and effects in the field of psychotherapy (Smith & Glass, 1977) . The difference is probably due to the magnitude of the effects that are the object of the research in the two fields.
The typical psychotherapy effect (therapy vs. control group) is between three-quarters and a full standard deviation (Smith, Glass, & Miller, 1979) ; the typical class-size study was seeking to establish an effect of less than one-tenth standard deviation. It is little surprise, then, that in one field experimental design quality proves critical, and in another field it does not. In an area of research where the quality of methodology interacts with the findings of studies, the results of the best designed 
